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Specification 

1. Title of the Invention Image Display Device 



2. What Is Claimed Is: 

(1) An image display device comprising: 

pixel electrodes formed in a matrix on a semiconductor layer 
formed on an insulating substrate made from glass or the like or 
on a semiconductor substrate; and 

transparent electrodes on a transparent substrate provided 
over said pixel electrodes in between liquid crystal, as 
electrodes opposing the pixel electrodes, wherein; 

at least one switching element and a one-bit memory cell are 
provided for each one of said pixel electrodes, wherein 

output of said memory cell is connected to the pixel 
electrodes . 

(2) An image display device comprising: 

pixel electrodes formed in a matrix on a semiconductor layer 
formed on an insulated substrate made from glass or the like or 
on a semiconductor substrate, and 

transparent electrodes on a transparent substrate provided 
over said pixel electrodes in between liquid crystal, as 
electrodes opposing the pixel electrodes, wherein 

at least one switching element, a one-bit memory cell, and a 
signal selection circuit in which each phase is reversed when 
output of said memory cell is shifted between "H" level and "L" 
-l^yel- ... a re_ provided for each of said pixel electrodes, and 

output of said signal selection circuit is connected to the 
pixel electrodes. 



3. Detailed Description of the Invention 

The present invention relates to an image display device 
using liquid crystal for displaying fine-dot images without 
5 halftones. 

Fig. 1 shows a prior art image display device configured by 
combining liquid crystal and a MOSFET array. In Fig. 1, a unit 
pixel comprises MOSFET la formed on a semiconductor layer, a 
capacitor 2a for storing a signal, and liquid crystal cell 3a. 

10 Basic operations of these components will be. described below. 
When negative pulse voltage as a gate signal is applied to a 
gate line Xi, taking MOSFET as a P channel, FET la is turned to 
an ON state and an image signal applied to a signal line Yi is 
charged in the capacitor 2a through FET 1. When the negative 

15 pulse disappears, FET la is turned to an OFF state and the 
voltage charged in the capacitor is retained while it is 
electrically discharged through the liquid crystal cell. Then, 
the gate signal is line sequentially scanned from Xi, Xi + 1, Xi+2 
and so on. By applying image signals corresponding to the 

20 scanned positions through Yi, Yi+1 an overall image is 
displayed. An opposed electrode is a transparent electrode 
attached over glass or the like and COM shown in Fig. 1 is a 
common electrode terminal which is consistently maintained at a 
certain potential. Such an image display device is best suited 

25 to display of images comprising analog signals or motion images, 
i.e. best suited for television images, whereas it is inadequate 

for~ display "ina_ images _ without halftone or still-frame pictures. 

Because the signal charged in the capacitor 2a is electrically 
discharged through the liquid crystal cell 3a, as described 
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above, voltages at both ends of the capacitor 2a continue to 

decrease as indicated by Curve 4 in Fig. 2 until subsequent 

writing is performed even when a "1" of a high-level signal is 

written. Accordingly, it becomes necessary to perform a writing 

■ • 

5 operation constantly at a regular interval TR, causing that an 
electric power for continuous operation of the overall circuit 
is required. Similarly, Curve 5 in Fig. 2 shows voltages at 
both ends of a capacitor 2b. Further, the above-described image 
display device has a disadvantage that repetition of electrical 
10 charge and discharge inevitably leads to increased power 
consumption. 

It is therefore the primary object of the present invention 
to provide an image display device adequate for displaying 
images without halftone and still-frame pictures with minimized 

15 power consumption. 

With reference to the drawings, the present invention will 
be described below. Fig. 3 shows an image display device 
according to the present invention. A unit pixel comprises 
MOSFET 6a formed on a semiconductor layer, a one-bit memory cell 

20 7a, and a liquid crystal cell 8a. When a signal of "1" is input 
to the memory cell 7a, output thereof is set to "1" ("0"), which 
is retained until a subsequent signal of "0" is input, when the 
signal of "0" is input, the output is set to "0" ("1") and 
maintained at this state. When an image display device having 

25 this structure is used, as shown in Fig. 4, after applying write 
pulses Xi, Xi+1 at a certain instant to write data "1" in the 

--. -memory _.c_ell_ from L Yi,_ and Yi+1, data of "1" continues to be 

impressed onto liquid crystal regardless of the length of time 
unless new data of "0" is written by applying a subsequent pulse. 



Accordingly, by establishing voltage levels of "1" and "0" 
and a voltage level of common electrode in such a manner that a 
selected voltage is applied on the liquid crystal when "1" is 
obtained and an unselected voltage is applied on the liquid 
crystal when "0" is obtained, it becomes possible to display ■ 
images without halftone and still-frame pictures of the images 
at an extremely low voltage. This is achieved because all the 
driving circuits for signal lines Yi, Yi+1, ... and gate lines Xi, 
Xi+1, ... can be terminated when still-frame pictures are 
displayed and the output voltage of the memory cells is 
essentially controlled without passing a current instead of a 
method for charging signals to the capacitor. Reference 
numerals 9 and 10 in Fig. 4 show the output voltages of memory 
cells 7a and 7b, respectively. 

Fig. 5 shows an embodiment about a memory cell section in an 
image display device according to the present invention. 
Specifically, CMOS inverters 12 and 13 are interconnected by 
through connecting their respective input/output terminals with 
each other. Further, input of the CMOS inverter 12 is connected 
to a switching transistor 11 as input of the memory cell, and 
output of the CMOS inverter 13 is connected to a pixel electrode 
as output of the memory cell. 

Fig. 6 shows another image display device according to the 
present invention. In the example of Fig. 6, the function of an 
alternating-current drive is added to the above-described image 
display device, which then comprises a switching transistor i.e. 
~a~MOSFET~ -ilr CMOS -inve_rters_12 and 13,, a liquid crystal cell ' 14, 
an EXCLUSIVE -NOR circuit 15, and a clock source 16. The 
structure of the memory cell comprising the CMOS inverters 12 



and 13 is similar to the example of Fig. 5, except that output 

of the memory cell in the example of Fig. 6 is connected to 

either input terminal of the EXCLUSIVE -NOR circuit (hereinafter 

abbreviated as an ENOR circuit) 15, and the other input terminal 

• * 

5 of the ENOR circuit 15 is connected to a common electrode 

terminal COM, and further a clock for the alternating-current 
drive is input to the common electrode terminal. Voltages 
applied when output of the memory cell is "1" and when output of 
the memory cell is "0" are shown in Figs. 7 and 8, respectively. 

10 When the output of the memory cell is "1", a signal 18a which is 
inverted relative to a waveform 17 of the clock source is 
obtained as output of the ENOR circuit 15. Accordingly, by 
connecting the output of the ENOR circuit 15 to the pixel 
electrode, an alternating-current driving waveform having a 

15 voltage of ±V is applied to the liquid crystal as shown by 

reference numeral 19a in Fig. 7. On the other hand, when the 
output of the memory cell is "0", a signal 18b having a phase 
equal to the waveform 117 of the clock source is obtained as 
output of the ENOR circuit 15, and no voltage to be applied to 

20 the liquid crystal. As a result, because the liquid crystal 

display is, thus, supplied with the selected alternating-current 
voltage when input is "1" and supplied with no voltage when 
input is "0", and always driven by an alternating current, the 
life and the reliability of the liquid crystal can be increased. 

25 Fig. 9 shows still another embodiment of an image display device 
according to the present invention. The image display device 

~~~~ comprises— a— svi-tching_tJi^n_sisJ:pr__ll, CMOS inverters 12 and 13, 
transmission gates (hereinafter referred to as TG) 20 and 21, a 
liquid crystal cell 14, and a clock source 16. The structure of 
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the memory cell comprising the CMOS inverters 12 and 13 is 
similar to the example of Fig. 5 except the following. In the 
example of Fig. 9, the output of the memory cell, that is, the 
output of the CMOS inverter 13 is connected to both a gate on n- 
channel side of the TG 20 and a gate on P-channel side of the TG 
21, and the input terminal of the CMOS inverter 13 is connected 
to both a gate on P-channel side of the TG 20 and a gate on n- 
channel side of the TG 21. Further, the outputs of the TG 20 
and the TG 21 are connected to each other and established as the 
pixel electrode. The input terminal of the TG 21 is connected 
to the common electrode and then connected to the clock source 
16. The input terminal of the TG 20 is connected to the clock 
source 16 through the inverter 24 by establishing the connection 
common to all the pixels. With this structure, when the output 
of the memory cell is "1", the TG 20 is turned on and the TG 21 
is turned off so that an alternating-current driving waveform 
having the voltage of ±V identical to the voltage shown by 
reference numeral 19a in Fig. 7 is applied to the liquid crystal 
cell. Similarly, when the output of the memory cell is "0", no 
voltage is applied to the liquid crystal cell. Because, in the 
example of Fig. 9, an area where the circuit is built becomes 
smaller as compared to the example of Fig. 6, the example of Fig 
9 holds superiority in obtaining pixels at higher densities. 
Although the alternating-current drive is achieved by using the 
ENOR circuit and the TG in the examples of Figs. 6 and 9, it may 
be obtained by installing a circuit capable of reversing the 
polarity -of clock appl ied_tp_the_ pixel electrode when the output 
of the memory cell is "1" and when the output of the memory cell 
is "0". It is therefore obvious that the present invention is 
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not limited to the examples using the ENOR circuit and the TG 
and may be applied to those capable of achieving equivalent 
operations by using an EXCLUSIVE. OR circuit, a combination of 
AND circuits, or a combination of OR circuits without departing 
5 from the spirit or scope of the present invention. Further, the 
circuit configuration in which a selected voltage is applied 
when an input signal of "0" is obtained is precisely identical 
and the description thereof is omitted. In. examples of Figs. 6 
and 9, it is also possible to terminate peripheral circuits 

10 except the clock source when still-frame pictures are displayed 
just as is the case with examples of Figs. 3 and 5. 

By using the image display device of the present invention 
as described above, the primary object of the present invention, 
which is to provide an image display device adequate for 

15 displaying images without halftone and still-frame pictures with 
minimized power consumption can be completely attained. In 
other words, digital configuration of all circuits and shutdown 
of peripheral circuits other than a clock source when displaying 
a still-frame image enables significant decrease of power 

20 consumption while simultaneously enabling alternating-current 
drive. Therefore, a long-life and reliable display device can 
be obtained. Because it becomes possible to attain clear 
display on the screen based on minute dots, lower power 
consumption, long life, and high reliability all together by 

25 applying the present invention to a device for displaying 
characters such as graphics using minute dots, industrial 
- applicabili±.y _of_ the present invention is extremely high. 



4. Brief Description of the Drawings 
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Figure 1 is a circuit diagram showing an image display 
device in prior art. 

Figure 2 is an explanatory drawing showing relationship 
between a writing pulse of Fig. 1 and voltage for driving a 
5 liquid crystal. 

Figure 3 is a circuit diagram showing an image display 
device according to an embodiment of the present invention. 

Figure 4 is an explanatory drawing showing relationship 
between a writing pulse of Fig. 3 and voltage for driving liquid 
10 crystal. 

Figure 5 is a circuit diagram showing a concrete example of 
the image display device according to the present invention. 

Figure 6 is a circuit diagram showing another example of the 
image display device according to the present invention. 
15 Figures 7 and 8 are explanatory drawings showing voltage for 

driving liquid crystal in Fig. 6. 

Figure 9 is still another example of the image display 
device according to the present invention. 

6a, 6b, 11 switching element 
20 7a, 7b memory cell 

8a, 8b, 14 liquid crystal cell 

9, 10 voltage for driving liquid crystal 

12, 13 CMOS inverter 

15 EXCLUSIVE NOR circuit 

25 16 clock source 

17 clock waveform 

IrS-a- selective clock^ 

18b non-selective clock 

19a selective driving voltage 
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19b non-selective driving voltage 

20, 21 transmission gate 

22 clock input terminal and common electrode 
terminal 

5 23 reversed clock input terminal 

24 inverter 
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Issued on May 21, 1984 

(Voluntary) Amendment 

May 1, 1984 

Specif icat ion/ Drawings 

» * 

6. Contents of Amendment 

(2) Please amend the description in the Detailed Description 
of the Invention in regard to the above-identified patent 
application as follows. 

a. Please amend the term "low voltage" on line 10 in page 
5 in the Detailed Description of the Invention to "low power". 

b. Please amend the term "NOR" on lines 10 and 14 in page 
6, in the Detailed Description of the Invention to "OR". 

c. Please amend the term "ENOR" on line 14 in page 6, line 
2 in page 7 , and line 18 in page 8, in the Detailed Description 
of the Invention to "EOR". 

d. Please amend the term "EXCLUSIVE* OR" on lines 4 in page 
9, in the Detailed Description of the Invention to 
"EXCLUSIVE * NOR" . 

(3) Please replace the drawing of Fig. 6 to an amended drawing 
attached in this Amendment in regard to the present patent 
application . 
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